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(57) ABSTRACT 

The illustrative embodiments provide a computer imple 
mented method and apparatus for dependency injection by 
static transformation. Information about a first Software mod 
ule among several software modules is identified. The first 
Software module has a dependency on at least one other 
Software module among the several Software modules. Infor 
mation about the dependency of the first software module on 
at least one other software module is identified. Using the 
information about the first software module and the informa 
tion about the dependency, code is generated for the first 
software module to resolve the dependency. 
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<?xml version="1.0" encoding="ISO-8859-1"?> 
<mOCule 
Xmlns:XSi="http://www.w3.org/2001/XMLSchema 
instance" 
Xmlns="http://WWW.apache.org/xbean/module/config"> 

<grOup>XyZ</group> 
<name>mOduleA-/name> 
<VerSiOnd 1.0.0-/Versional 
<description> Module A-/description> 

<dependencies> 
<dependency> 

<name>mOduleB</name> 
<Versioned 1.0.0-/Versiond 

</dependency> 
<dependency> 

<name>mOdule(C-/name> 
<Version d 1.0.0-/Versiond 

</dependenCyd 
</dependencies.> 

</mOduled 

FIG. 4 
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<?xml version="1.0" encoding="UTF-8"?> 
<Services Xmlns:s="http://xbean.org/SchemaS/server"> 

<Service id="ServiceA' name="ServiceA" 
class="XyZ. ServiceAImpl" 

508- Start-method="Start"> 
<constructor-arg index="0" ref="serviceB"/> 

510-N-- Constructor-arg index="1" value="WOOdy"/> 
512-~property name= "ServiceC" ref="ServiceC"/> 

</Service.> 
O </ServiceSd 

FIG. 5 
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package xyZ. moduleAver 1 0 0;-1904 

public class Application implements Runnable { 
Static boolean initialized = false; 

public Void run { } { 
if (initialized) 

return; 
initialized = true; 

(new xyZ. moduleB.ver 10 O.Application ()) run (); 
(new XyZ. modulec.ver 1 0 O.Application()).run (); 

xyz.serviceB serviceB = 
(XyZ. ServiceB)ServiceRegistry.getService("serviceB"); 

XyZ.ServiceB ServiceC = 
(XyZ. ServiceB)ServiceRegistry.getService("ServiceC"); 

XyZ.serviceAmpl ServiceA = 
new XyZ. ServiceAImpl (serviceB, "Woody"); 

ServiceRegistry.addservice ("serviceA", serviceA); 

ServiceA.setServiceC(serviceC); 

ServiceA.Start(); 

FIG. 9 
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METHOD AND APPARATUS FOR 
DEPENDENCY INJECTION BY STATIC CODE 

GENERATION 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates generally to an 
improved data processing system, and in particular, to a com 
puter implemented method and apparatus for managing soft 
ware dependencies. Still more particularly, the present inven 
tion relates to a computer implemented method, apparatus, 
and computer usable program code for dependency injection 
by Static code generation. 
0003 2. Description of the Related Art 
0004. A software system is a system implemented in soft 
ware for accomplishing a given purpose. A Software system is 
also commonly known as a Software application. A Software 
component is a self-contained Subset of a software system. A 
self-contained software is a Software that can operate to pro 
vide a desired function using the code contained in the Soft 
ware. A Software component can be developed, maintained, 
deployed, and evolved separately from other software com 
ponents. 
0005 Software services are software components. Soft 
ware services are also commonly known as services. Services 
offer functions that are published through software language 
interfaces, or meta-data, such that they can be incorporated by 
other software systems, applications, or services for the func 
tions they provide. Exposing a software function so that the 
function is usable by other software is called publishing. A 
Software language interface is a way in which the Software's 
function is published. Data about other data is called meta 
data. 
0006 Services may depend on other services for perform 
ing their functions. A service that depends on another service 
is called a dependent service. A service on which another 
service depends is called a dependency service. A dependent 
service depends on a dependency service when the dependent 
service has to use Some function or feature of the dependency 
service in order to perform the function of the dependent 
service. The process of depending in this manner is called 
dependency. 
0007 Presently, the dependency of one service on another 

is implemented in one of two ways. First, the code of the 
dependency service may be included in the code of the depen 
dent service. Second, a centralized framework is employed 
that manages all the services, and provides methods for a 
dependent service to locate corresponding dependency Ser 
vices. A centralized framework is a software architecture for 
facilitating interconnectivity amongst various software appli 
cations, components, and services. 

SUMMARY OF THE INVENTION 

0008. The illustrative embodiments provide a computer 
implemented method and apparatus for dependency injection 
by Static code generation. Information about a first Software 
module among several software modules is identified. The 
first software module has a dependency on at least one other 
Software module among the several Software modules. Infor 
mation about the dependency of the first software module on 
at least one other software module is identified. Using the 
information about the first software module and the informa 
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tion about the dependency, code is generated for the first 
software module to resolve the dependency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood by 
reference to the following detailed description of an illustra 
tive embodiment when read in conjunction with the accom 
panying drawings, wherein: 
0010 FIG. 1 depicts a pictorial representation of a net 
work of data processing systems in which illustrative embodi 
ments may be implemented; 
0011 FIG. 2 depicts a block diagram of a data processing 
system in which illustrative embodiments may be imple 
mented; 
0012 FIG. 3 depicts a block diagram of a Java software 
system in accordance with an illustrative embodiment; 
0013 FIG. 4 depicts a code segment in a first configuration 

file in accordance with an illustrative embodiment; 
0014 FIG. 5 depicts a code segment in a second configu 
ration file in accordance with an illustrative embodiment; 
(0015 FIG. 6 depicts a flowchart of a high-level method of 
the Code generation process inaccordance with an illustrative 
embodiment; 
0016 FIG. 7 depicts a flowchart of a class generation 
process in accordance with an illustrative embodiment; 
(0017 FIG. 8 depicts a flowchart of a code generation 
process for the code used for constructor injection in accor 
dance with an illustrative embodiment; and 
0018 FIG. 9 depicts a code segment of a stub class gen 
erated in accordance with an illustrative embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0019. With reference now to the figures and in particular 
with reference to FIGS. 1-2, exemplary diagrams of data 
processing environments are provided in which illustrative 
embodiments may be implemented. It should be appreciated 
that FIGS. 1-2 are only exemplary and are not intended to 
assert or imply any limitation with regard to the environments 
in which different embodiments may be implemented. Many 
modifications to the depicted environments may be made. 
0020 FIG. 1 depicts a pictorial representation of a net 
work of data processing systems in which illustrative embodi 
ments may be implemented. Network data processing system 
100 is a network of computers in which the illustrative 
embodiments may be implemented. Network data processing 
system 100 contains network 102, which is the medium used 
to provide communications links between various devices 
and computers connected together within network data pro 
cessing system 100. Network 102 may include connections, 
Such as wire, wireless communication links, or fiber optic 
cables. 
0021. In the depicted example, server 104 and server 106 
connect to network 102 along with storage unit 108. In addi 
tion, clients 110, 112, and 114 connect to network 102. Cli 
ents 110, 112, and 114 may be, for example, personal com 
puters or network computers. In the depicted example, server 
104 provides data, Such as boot files, operating system 
images, and applications to clients 110, 112, and 114. Clients 
110, 112, and 114 are clients to server 104 in this example. 
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Network data processing system 100 may include additional 
servers, clients, and other devices not shown. 
0022. In the depicted example, network data processing 
system 100 is the Internet with network 102 representing a 
worldwide collection of networks and gateways that use the 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
Suite of protocols to communicate with one another. At the 
heart of the Internet is a backbone of high-speed data com 
munication lines between major nodes or host computers, 
consisting of thousands of commercial, governmental, edu 
cational, and other computer systems that route data and 
messages. Of course, network data processing system 100 
also may be implemented as a number of different types of 
networks, such as for example, an intranet, a local area net 
work (LAN), or a wide area network (WAN). FIG. 1 is 
intended as an example, and not as an architectural limitation 
for the different illustrative embodiments. 

0023. With reference now to FIG. 2, a block diagram of a 
data processing system is shown in which illustrative embodi 
ments may be implemented. Data processing system 200 is an 
example of a computer, such as server 104 or client 110 in 
FIG. 1, in which computer usable program code or instruc 
tions implementing the processes may be located for the 
illustrative embodiments. 

0024. In the depicted example, data processing system 200 
employs a hub architecture including a north bridge and 
memory controller hub (NB/MCH) 202 and a south bridge 
and input/output (I/O) controller hub (SB/ICH) 204. Process 
ing unit 206, main memory 208, and graphics processor 210 
are coupled to north bridge and memory controller hub 202. 
Processing unit 206 may contain one or more processors and 
even may be implemented using one or more heterogeneous 
processor Systems. Graphics processor 210 may be coupled to 
the NB/MCH through an accelerated graphics port (AGP), for 
example. 
0025. In the depicted example, local area network (LAN) 
adapter 212 is coupled to southbridge and I/O controller hub 
204 and audio adapter 216, keyboard and mouse adapter 220, 
modem 222, read only memory (ROM) 224, universal serial 
bus (USB) and other ports 232, and PCI/PCIe devices 234 are 
coupled to south bridge and I/O controller hub 204 through 
bus 238, and hard disk drive (HDD) 226 and CD-ROM 230 
are coupled to south bridge and I/O controller hub 204 
through bus 240. PCI/PCIe devices may include, for example, 
Ethernet adapters, add-in cards, and PC cards for notebook 
computers. PCI uses a card bus controller, while PCIe does 
not. ROM 224 may be, for example, a flash binary input/ 
output system (BIOS). Hard disk drive 226 and CD-ROM230 
may use, for example, an integrated drive electronics (IDE) or 
serial advanced technology attachment (SATA) interface. A 
super I/O (SIO) device 236 may be coupled to south bridge 
and I/O controller hub 204. 

0026. An operating system runs on processing unit 206, 
and coordinates and provides control of various components 
within data processing system 200 in FIG. 2. The operating 
system may be a commercially available operating system 
such as Microsoft(R) WindowsRXP (Microsoft and Windows 
are trademarks of Microsoft Corporation in the United States, 
other countries, or both). An object oriented programming 
system, such as the JavaTM programming system, may run in 
conjunction with the operating system and provides calls to 
the operating system from JavaTM programs or applications 
executing on data processing system 200. JavaTM and all 
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JavaTM-based trademarks are trademarks of Sun Microsys 
tems, Inc. in the United States, other countries, or both. 
0027. Instructions for the operating system, the object 
oriented programming system, and applications or programs 
are located on Storage devices, such as hard disk drive 226, 
and may be loaded into main memory 208 for execution by 
processing unit 206. The processes of the illustrative embodi 
ments may be performed by processing unit 206 using com 
puter implemented instructions, which may be located in a 
memory Such as, for example, main memory 208, read only 
memory 224, or in one or more peripheral devices. 
0028. The hardware in FIGS. 1-2 may vary depending on 
the implementation. Other internal hardware or peripheral 
devices, such as flash memory, equivalent non-volatile 
memory, or optical disk drives and the like, may be used in 
addition to or in place of the hardware depicted in FIGS. 1-2. 
In addition, the processes of the illustrative embodiments 
may be applied to a multiprocessor data processing system. 
0029. In some illustrative examples, data processing sys 
tem 200 may be a personal digital assistant (PDA), which is 
generally configured with flash memory to provide non-vola 
tile memory for storing operating system files and/or user 
generated data. A bus system may be comprised of one or 
more buses, such as a system bus, an I/O bus and a PCI bus. Of 
course, the bus system may be implemented using any type of 
communications fabric or architecture that provides for a 
transfer of data between different components or devices 
attached to the fabric or architecture. A communications unit 
may include one or more devices used to transmit and receive 
data, such as a modem or a network adapter. A memory may 
be, for example, main memory 208 or a cache Such as found 
in northbridge and memory controller hub 202. A processing 
unit may include one or more processors or CPUs. The 
depicted examples in FIGS. 1-2 and above-described 
examples are not meant to imply architectural limitations. For 
example, data processing system 200 also may be a tablet 
computer, laptop computer, or telephone device in addition to 
taking the form of a PDA. 
0030 Software applications can be divided into software 
components. Software components are also referred to as 
components. A service is a Software component. A set of 
Software components is one or more software components. A 
set of software components forms a Software module. A Soft 
ware module may include other information and code, includ 
ing code to couple software components within the Software 
module as well as code that references software components 
from other software modules. 
0031 Illustrative embodiments recognize that dividing a 
Software system into components helps to reduce the overall 
Software system complexity, promotes Software reuse and in 
general makes the Software system robust. Software design 
based on certain software concepts or principles is called a 
software architecture. 

0032. A software architecture built using services as 
described above is called a service-oriented software archi 
tecture. A service-oriented software architecture is a software 
architecture in which software components with well-defined 
and exportable functions are modeled as services. The func 
tions performed by a service can be presented to other soft 
ware applications and services for their use. A method of 
presenting the service functions is called exporting the func 
tion. A function of a service that can be exported in his manner 
is called an exportable function. A well-defined function is a 
function that can be invoked with a set of known parameter 
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data structures and returns results in known data structures. In 
object-oriented language Such as Java or C++, a service is 
typically implemented as a class and the functions provided 
by the service are typically implemented as methods of the 
class. 
0033. In a software system, a service may perform com 
plex business logic that references services from other soft 
ware applications. Referencing other services in this manner 
forms dependency relations from a service to other services 
from other software applications. Thus, a dependent service is 
said to depend upon one or more dependency service, as 
described above. 
0034 Presently, the dependency from a dependent service 
to a dependency service is typically implemented in the class 
of the dependent service. A class of a service, such as a 
dependent service, is the definition of the service. In this type 
of implementation, the class of the dependent relies on an 
instance of the dependency service. An instance of a service, 
Such as a dependency service, is a software object manifest 
ing the service created based on the class of the service. The 
class of the dependent service then invokes a method of the 
instance of the class of the dependency service. 
0035. One design decision in managing service depen 
dency is how a dependent service resolves the dependency at 
runtime. Resolving a dependency is resolving an instance of 
a dependency service, which is identifying the instance of the 
dependency service that is to be used. Runtime is the time of 
operation of the Software system. Resolving a dependency at 
runtime is resolving the dependency at the time of operation 
of the software system. 
0036 Traditionally, the resolution of dependency services 
has been achieved through two methods. First method 
involves hardcoding the classes of the dependency services in 
the dependent service class. For example, inside the Java class 
implementation of a dependent service, for each of depen 
dency service that the dependent service depends on, a “new” 
method is called on the dependency service class to create an 
instance of that dependency service. This method is called the 
hardcoding-services method. 
0037. The second method is to employ a centralized 
framework that instantiates and stores all services in some 
thing like a registry structure, while providing methods for 
each service to locate the instances of corresponding depen 
dency services. This method is called the framework-locat 
ing-services method. Based on this framework-locating-ser 
vices method, a dependent service incorporates code to query 
the framework. The query retrieves the instances of the 
dependency services of the dependent service. The dependent 
service may bind the retrieved instances of dependency ser 
vices to their respective interfaces, not implementation 
classes. 
0038 Resolving and binding the dependent and depen 
dency services in this manner is called service wiring. The 
illustrative embodiments recognize that these traditional 
methods in service wiring have some drawbacks. The hard 
coding-services method tightly couples a dependent service 
with the implementation classes of the dependency services 
at the source code level. In coupling in this manner, the Source 
code of the dependent service has to be changed if changes 
have to be made to the implementation classes of one or more 
dependency services. 
0039 Continuing with the disadvantage, the framework 
locating-services method tightly couples a dependent service 
with the framework methods for locating the instances of the 
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dependency services. In coupling in this manner, the source 
code of the dependent service has to be changed if the frame 
work or framework methods change. 
0040 Presently, a type of framework exists for j2EE envi 
ronments that attempts to address the drawbacks identified 
above. This framework is called the Inversion-of-Control 
(IoC) framework. Inversion-of-Control (IoC) framework pro 
vides lightweight Software containers as an integration 
framework to wire Java services. A software container, or 
container in short, is a software component that manages at 
runtime a collection of other software objects. A lightweight 
container is a container, which creates an operational burden 
Smaller than that caused by non-lightweight containers. The 
non-lightweight containers are called heavy-weight contain 
ers. The size of the operational burden of a lightweight con 
tainer versus a heavy-weight container may be determined by 
the memory used by the container, and types and complexity 
ofoperations performed by the container. For example, Enter 
prise JavaBeans (EJB) is a set of specifications that when 
implemented generally constitutes a heavy-weight container 
0041. The Inversion-of-Control framework is based on a 
Software concept called the separation of concerns concept. 
The separation of concerns is a concept that specifies that a 
complex Software system should be partitioned such that each 
component has a clearly defined focus or interest while the 
overlap of functions between components is minimized. 
Inversion-of-Control framework focuses on the separation of 
concerns between a framework, the services hosted on the 
framework, and among services themselves. 
0042. Inversion-of-Control framework conceptualizes 
that a service should focus entirely on the service's business 
logic and not on how the service interfaces with the frame 
work and other services. Inversion-of-Control framework 
further conceptualizes that a dependent service should not 
embed code containing either the implementation classes of 
the dependency services or framework methods for locating 
the dependency services. The Inversion-of-Control frame 
work provides that all dependency services of a dependent 
service are properly wired and their lifecycle managed. Life 
cycle of a service is a lifecycle of an instance of that service, 
and represents the activities with respect to the instance 
between the time of creation of that instance to the time of 
destruction of that instance. 

0043. A design technique employed by the Inversion-of 
Control framework for properly wiring dependencies is 
called dependency injection. Wiring the dependencies is con 
necting the dependent and dependency services and other 
objects according to the dependency amongst them. Depen 
dency injection is the technique for the Inversion-of-Control 
framework container to resolve and create the instances for all 
the dependency services of a dependent service, and inject 
these instances into the dependent service. Thus, services are 
mutually encapsulated by the Inversion-of-Control frame 
work as their implementation details are known only by the 
framework, not between the services themselves. Performing 
a dependency injection in this manner is called injecting 
dependency. 
0044 An Inversion-of-Control framework typically speci 
fies a service configuration language and provides a runtime 
container that wires services through dependency injection. A 
runtime container is a container that exists at runtime. The 
configuration language is typically XML. The configuration 
language is used to define services provided by some Software 
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applications, the respective implementation classes of those 
services, and the respective set of dependency services on 
which those services depend. 
0045 Dependency injection can be implemented in sev 
eral variations. Two common types are constructor injection 
and setter injection. In the Inversion-of-Control framework 
model, all services have to be properly configured in their 
respective configuration files. To perform constructor injec 
tion for a dependent service, Inversion-of-Control framework 
first determines the implementation classes of the depen 
dency services on which the dependent service depends based 
on the meta-data in the configuration file associated with the 
dependent service. 
0046. If not already created, Inversion-of-Control frame 
work then creates the instances of the dependency services 
and passes those instances as references in parameters of the 
constructor method of the dependent service. A constructor 
method is a method implemented in a class, called to create an 
instance of the class. According to a common practice, all 
references to instances of dependency services of the depen 
dent service are bound to respective local variables inside the 
constructor method of a dependent service. This practice is 
used within the implementation class of the dependent Ser 
Vice for ease of programmatic access to the instances of the 
dependency services. 
0047. The setter injection allows a dependent service to 
specify in the configuration file one setter method for each of 
the dependency services on which the dependent service 
depends. A setter method is a method implemented in the 
class of a service. For conducting a setter injection for the 
dependent service, if not already created, the Inversion-of 
Control framework typically first creates the instances of all 
dependency services on which the dependent service 
depends. Inversion-of-Control framework then creates an 
instance of the dependent service. The Inversion-of-Control 
framework then sequentially invokes each setter method by 
passing in the reference to the instance of the dependency 
service associated with that setter method. Typically, a setter 
method also contains code that binds the reference to the 
dependency service to a local variable within the implemen 
tation class of the dependent service. As in the constructor 
injection method, this binding is made for ease of program 
matic access to the instances of the dependency services. 
0048. The illustrative embodiments recognize that the 
existing Inversion-of-Control frameworks have certain limi 
tations. For example, a Software application's services may be 
managed by an Inversion-of-Control framework. In manag 
ing services in this manner, the runtime Inversion-of-Control 
framework container has to read one or more configuration 
files in the Software application. Reading the configuration 
files allows the Inversion-of-Control framework to parse the 
meta-data for services provided by the software application. 
The Inversion-of-Control framework parses configuration 
files and performs dependency injection at runtime when the 
system starts or when a Software application is deployed. 
0049. The runtime Inversion-of-Control (IoC) container 
then resolves the dependency services of a dependent service 
of the software application based on the meta-data from the 
Software application's configuration files. The runtime Inver 
Sion-of-Control (IoC) container then creates instances of 
those dependency services to inject them, through constructor 
injection or setter injection, into the dependent service. 
0050. As the illustrative embodiments recognize, the runt 
ime dependency resolution and injection performed by Inver 
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sion-of-Control (IoC) incurs cost. This cost typically affects 
the Software system start-time negatively. Some Software 
applications are short running Software applications in that 
they run for a short period of time as compared to the overall 
time of operation of a data processing system. Typically, short 
running software applications, such as Web-based applica 
tion require fast startup and teardown time. For short running 
software applications, the present Inversion-of-Control (IoC) 
framework causes a delay in Software application start-time. 
For a server system that handles numerous short running 
Software applications, the aggregate cost of application start 
time affects the server performance negatively. 
0051. Therefore, a method and apparatus for enabling 
Software applications to run with Smaller startup delay that 
the present solutions allow would be advantageous. The illus 
trative embodiments described below provide such a method 
and apparatus. 
0.052 The illustrative embodiments provide a method and 
apparatus to allow software applications to use an Inversion 
of-Control (IoC) configuration language for declaring Ser 
vices and information about dependency of those services. 
Information about the dependency describes the dependency 
of one service on another service. Using the illustrative 
embodiments neither the hardcoding-services method northe 
framework-locating-services method is needed for service 
wiring. Furthermore, using the illustrative embodiments, 
while service dependency is specified in configuration files 
based on the Inversion-of-Control framework, there is no 
need for an Inversion-of-Control container at runtime. There 
fore, using the illustrative embodiments, the Inversion-of 
Control (IoC) runtime container that causes start-up time 
inefficiency is no longer needed. 
0053. With reference now to FIG. 3, this figure depicts a 
block diagram of a Java Software system in accordance with 
an illustrative embodiment. This figure depicts only two soft 
ware modules for clarity of illustration and is not intended to 
be limiting on the illustrative embodiment. A Java software 
system is a Software system implemented in Java and 
designed to run undera Java enabled computing environment. 
A Java software system may contain more than two software 
modules in particular implementations of the illustrative 
embodiment. Additionally, a software module may depend on 
another software module forming a dependency relationship 
between software modules. 
0054 Software modules and other software applications 
typically run under an operating system. Software module 
302 is shown as running under operating system 301. Other 
Software applications, such as code generation applications, 
word processors, debugging tools, and many other Software 
applications can similarly run under operating system 301. 
0055 Software module 302 includes code base 306, con 
figuration 308, and resources 310. Particular implementa 
tions of the illustrative embodiment may include these and 
other types of information in software module 302. Further 
more, code base 306, configuration 308, and resources 310 
may be combined or further broken up in particular imple 
mentations of the illustrative embodiment. 
0056 Configuration 308 may include one or more files 
containing meta-data of software module 302. Resources 310 
may include any artifacts that software module 302 may need, 
including but not limited to image files, property files, docu 
ments, and application specific data objects. 
0057 Code base 306 represents the Java class files that 
may include service classes 312 and other general library 
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classes 314. A service in Java applications is a Java object 
defined by a Java class. A service has one or more public 
methods that execute some service functions. 
0058 Service classes 312 and general library classes 314 
may be compressed in one or more archive files. Such as the 
JAR (Java Archive). Alternatively, service classes 312 and 
general library classes 314 can be stored uncompressed 
within a hierarchical file directory structure as Java class files. 
Any other organization of data files Suitable for storing class 
files may be used without departing from the scope or spirit of 
the illustrative embodiment. 
0059 Software module 304 is shown as running under 
operating system 319. Other software applications, such as 
code generation applications, word processors, debugging 
tools, and many other Software applications can similarly run 
under operating system 304. Furthermore, in specific imple 
mentations, operating systems 301 and 319 may be one and 
the same. 
0060 Software module 304 includes parts similar to those 
depicted in software module 302. Code base 316 is similar to 
code base 306; configuration 318 is similar to configuration 
308; resources 320 is similar to resources 310; service classes 
322 is similar to service classes 312; and general library 
classes 324 is similar to general library classes 314. 
0061 The similarity between each described part of soft 
ware modules 302 and 304 are similarities in the nature of the 
contents of the part, and not similarity of the contents them 
selves. Furthermore, software modules 302 and 304 are 
shown to include similar parts only as exemplary and are not 
intended to be limiting on the illustrative embodiment. Par 
ticular implementations of the illustrative embodiments may 
use software modules that are dissimilar with one another. 
0062. In the illustrative embodiment, the dependency 
between software modules 302 and 304 can be conceptually 
viewed as having two levels. Object dependency 330 repre 
sents the dependencies at the services level, formed between 
services of software modules 302 and 304. Module depen 
dency 332 represents the dependencies at the modular level, 
formed between software modules 302 and 304. 
0063. The grouping of software programs and resources 
into software modules can be based on function and business 
usages they provide. Hence, a Software module. Such as a 
Software module made up of Java classes, can have varying 
sizes and scopes. A Software module in this example may 
contain a small number of classes bundled into one Java 
archive, or may contain a large number of classes bundled into 
many different Java archives. 
0064 Object dependency 330 represents dependency 
among service objects. In FIG. 3, for example, in performing 
a function, a service object in service classes 312 may need 
one or more other service objects, such as from service 
classes 322. 
0065. The module dependency 332 describes a high-level 
dependency relation between two software modules 302 and 
304. If one or more service dependency exists from one 
software module 302 to software module 304, then a module 
dependency also exists from software module 302 to software 
module 304. Illustrative embodiments recognize that module 
dependency may include other kinds of dependency not lim 
ited to the dependency injection model. If a class in Software 
module 302 references to another class in software module 
304, then also a module dependency 332 exists from software 
module 302 to software module 304. Illustrative embodi 
ments recognize that a Software module may have module 
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dependency to one or more other Software modules. Con 
versely, multiple software modules may have module depen 
dency on a common software module. 
0066. With reference now to FIG. 4, this figure depicts a 
code segment in a first configuration file in accordance with 
an illustrative embodiment. Configuration file 400 may be 
implemented in configuration 308 in FIG. 3. Configuration 
file 400 is depicted as containing configuration code written 
in XML. However, XML is only used as an example for the 
clarity of description and is not intended to be limiting on the 
illustrative embodiment. Other languages suitable for encod 
ing configuration may be used in specific implementations. 
0067 Configuration file 400 contains meta-data describ 
ing a Software module to which the configuration belongs, 
such as software module 302 in FIG. 3. As an example, code 
402 in the configuration file shows information about the 
software module named “ModuleA', which may correspond 
to Software module 302 in FIG. 3. 
0068. The meta-data in configuration file 400 further 
describes any dependencies of the software module. Such as 
module dependency 332 in FIG. 3. As an example, code 404 
defines two module dependencies for software module 
“ModuleA' identified in code 402. Code 406 shows that 
“ModuleA' depends on a software module “ModuleB” with 
the version of “1.1.0. The Software module “ModuleB' in 
this exemplary code may correspond to software module 304 
in FIG.3. Code 408 shows that the “Module A” also depends 
on a Software module “ModuleC with the version of “1.1.0. 
0069. With reference now to FIG. 5, this figure depicts a 
code segment in a second configuration file in accordance 
with an illustrative embodiment. Configuration file 500 may 
be implemented in configuration 308 in FIG. 3. 
0070 Configuration file 500 is depicted as containing con 
figuration code written in XML. However, XML is only used 
as an example for the clarity of description and is not intended 
to be limiting on the illustrative embodiment. Other lan 
guages suitable for encoding configuration may be used in 
specific implementations. 
0071 Exemplary configuration file 500 contains the meta 
data defining a service in code 502. As depicted in code 504 of 
configuration file 500, a service is defined with an identifier 
“serviceA, a name “ServiceA', the implementation class as 
“xyZ.ServiceAImpl” and the start method “start”. “ServiceA' 
may be a service in service classes 312 or general library 
classes 314 in FIG. 3. 
(0072 Code 506 in configuration file 500 contains meta 
data defining the dependencies of the service. Code 508 
describes a dependency service “serviceB” on which depen 
dent service “seviceA' depends. “ServiceB' may be a service 
in service classes 322 or general library classes 324 in FIG.3. 
In an implementation of the illustrative embodiment, a refer 
ence of “serviceB may be passed in as the first parameter of 
the constructor method of the "xyz. ServiceAImpl’ class rep 
resenting 'serviceA'. Several parameters may be passed to 
the constructor method in this manner. As an exemplary sec 
ond parameter of the possible several parameters, code 510 
depicts that the second parameter of the constructor method 
of the "xyz. ServiceAImpl” class is a string with a value of 
“woody”. 
0073. As another example, code 512 describes a depen 
dency service “serviceC on which dependent service “sevi 
ceA' depends. “ServiceC may be a service in service classes 
322 or general library classes 324 in FIG. 3. In an implemen 
tation of the illustrative embodiment, a reference of “ser 
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viceC may be passed in as a parameter of the setter method 
for a property named “serviceC in the "xyz. ServiceAImpl’ 
class representing "serviceA'. In this manner, a service object 
can depend on a set of other service objects. A set of service 
objects is one or more service objects. 
0074. Furthermore, the values in codes 508 and 512 can be 
bound to the identifiers or the names of other services defined 
in the configuration files of software modules other than the 
software module in which dependent service “service A” 
resides. Dependency services, such as “serviceB' and “ser 
viceC' can also be other services defined in the same con 
figuration file of the dependent service “service A'. 
0075. With reference now to FIG. 6, this figure depicts a 
flowchart of a high-level method of the code generation pro 
cess in accordance with an illustrative embodiment. Process 
600 may be a software application implemented to run under 
operating system 301 in FIG. 3. 
0076. The code generation process is a process of gener 
ating code by a software process of the method of the present 
invention. This process is also known as CodeGen process. 
0077. Just as there can be dependent services and depen 
dency services with a dependency relationship amongst them, 
Software modules as a whole can have a dependency relation 
ship and depend on one another. When a software module 
depends on another software module, the software module is 
called a dependent software module. A software module on 
which another software module depends is called a depen 
dency software module. 
0078 For each dependent software module, the Codegen 
eration process first parses the configuration files of the 
dependent software module (step 602). The process then cre 
ates in-memory object structures, modeling the meta-data 
specified in said configuration files (step 604). An in-memory 
object structure is a representation of the arrangement of 
objects with respect to one another, created in a data process 
ing system memory, such as main memory 208 in FIG. 2. The 
information that the in-memory object structures model may 
include the general information about a software module, 
Such as module group, module name, module version, and 
module description as shown in the exemplary code segment 
in configuration file 400 in FIG. 4. The in-memory object 
structures modeling may also include the module dependency 
information. Including the module dependency information 
allows software applications to trace a dependency from a 
dependent software module object to the corresponding 
dependency software module objects in order to access the 
software module information of the latter. A software module 
object is an instantiation of a Software module as a whole into 
object. 
007.9 The in-memory object structures may also model 
services for each software module, such as defined in the 
exemplary code segment in configuration file 500 in FIG. 5. 
The in-memory object structures modeling may include the 
general service information Such as the service identifier, 
service name, the implementation class of the service, and the 
“start method name. The in-memory object structures may 
also model the service dependency information in the manner 
described with respect to code segment in configuration file 
SOO in FIG.S. 

0080 Next, the process checks to determine whether any 
dependency software modules of the dependent software 
module are present that have not been processed (step 606). If 
more dependency Software modules remain to be processed 
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(“yes” path of step 606) the process proceeds to process the 
next dependency Software module. 
I0081. A dependency software module is first processed for 
its own dependencies, treating the dependency Software mod 
ule as a dependent software module (step 608). Thus, in a 
recursive manner, the code generation process processes the 
each dependency Software module. A recursive step is a step 
that begins a new instance of the entire process 600 within the 
currently executing process 600. The new instance of the 
process is executed with reference to a different software 
module than the software module of the currently executing 
process. Each instance of process 600 running in this manner 
is called a recursive instance. 

I0082. When the recursive step 608 ends, parsing and gen 
erating of the in-memory object structure of the dependency 
software modules, on which the dependent software module 
depends, is complete. At the end of step 608, the parsing and 
the generating of the in-memory object is complete for the 
dependent software module as well. 
I0083. If no more dependency software modules remain to 
be processed (“no' path of step 606) the process then gener 
ates a new class (step 610). The process ends thereafter. The 
new class generated in the above manner has code that 
resolves dependency services, performs dependency injec 
tion, and executes the “start method specified in the configu 
ration of each service in the software module. Alternatively, 
instead of creating a new class, step 610 can modify an exist 
ing class with code described above (step 610) When 
executed, the “start' method of a component starts the func 
tioning of the component and makes the component available 
according to the design of the Software system. Thus, the 
“start function of a component includes logic to start the 
component. The class generation process of step 610 is 
explained further in FIG. 7. 
I0084 Code generation process 600 can be executed before 
runtime. By executing the process prior to runtime, the depen 
dencies are resolved prior to runtime. Resolving the depen 
dencies prior to runtime minimizes the Software system's 
runtime memory requirement, and increases the Software sys 
tem's startup efficiency. 
I0085. The steps of process 600 are described only as 
exemplary for the clarity of the illustrative embodiments. The 
steps may be incorporated in other functions, methods, Sub 
routines, and code sections as appropriate for specific imple 
mentations. Furthermore, the steps may be combined, broken 
down, or implemented in alternative ways in specific imple 
mentations, without departing from the scope or spirit of the 
illustrative embodiment. 

I0086. With reference now to FIG. 7, this figure depicts a 
flowchart of a class generation process in accordance with an 
illustrative embodiment. Process 700 may be implemented as 
step 610 in FIG. 6. 
I0087. The process first generates the code that defines the 
class package, package name, one or more default properties, 
the class name, the interface implemented by the new class 
and the initialization method (step 702). An initialization 
method is a class method, which when invoked, initializes 
certain attributes of the object instance of the class. A class 
package is a way of organizing classes. The package name, 
names of default properties, class name, and the interface 
name can be arbitrarily chosen for different implementations 
of the illustrative embodiment as long as they do not cause 
conflict and are consistent within the Software system. 
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0088 Next, the process generates code within the body of 
the initialization method generated in step 702, to test if the 
dependent software module has already been initialized (step 
704). The code generated in step 704 creates a conditional 
code block. More code is generated in Subsequent steps inside 
the conditional code block. The code inside the conditional 
code block will only be executed if executing the code for the 
test created in step 704 indicates that the dependent software 
module has not been initialized. 
0089. Then, inside the initialization method, the process 
generates code for ensuring that all depending Software mod 
ules of the dependent software module are initialized (step 
706). Further, inside the initialization method, the process 
generates code for performing constructor injection (step 
708). Code generation in step 708 also creates all service 
objects defined in the configuration files of the dependent 
software module. Step 708 is described in more detail in FIG. 
8. 

0090 Thereafter, inside the initialization method, the pro 
cess generates code for perform, if specified in the configu 
ration files, setter injection as described above (step 710). 
Setter injection uses the service objects created in step 708. 
0091 Next, inside the initialization method, the process 
generates code that executes the start methods for service 
objects created in step 708, if specified in the configuration 
files (step 712). Finally, the process generates code to com 
plete the definition of the initialization method and the stub 
class (step 714). The process ends thereafter. 
0092. The steps of process 700 are described only as 
exemplary for the clarity of the illustrative embodiments. The 
location of performing a particular step. Such as inside the 
initialization method, is not intended to be limiting on the 
illustrative embodiment. The steps may be incorporated in 
other functions, methods, Subroutines, and code sections as 
appropriate for specific implementations. Furthermore, the 
steps may be combined, broken down, or implemented in 
alternative ways for the purpose, without departing from the 
scope or spirit of the illustrative embodiment. 
0093. With reference now to FIG. 8, this figure depicts a 
flowchart of a code generation process for the code used for 
constructor injection in accordance with an illustrative 
embodiment. Process 800 is a more detailed example of step 
708 in FIG. 7. 
0094 For each dependent service defined in the configu 
ration files of a dependent Software module, the process gen 
erates code to retrieve all dependency service objects of the 
dependent service from a service registry (step 802). These 
dependency service objects are created in step 706 in FIG. 7. 
A service registry is a repository of information about the 
various services. 
0095 Next, the process generates code to invoke the con 
structor method of the dependent service (step 804). The 
constructor method is invoked in step 804 with the requisite 
dependent objects passed in as parameters according the defi 
nition of the dependent service. 
0096 Finally, the process generates code to insert the 
newly created instance of the dependent service into the ser 
vice registry (step 806). As a result of invoking the constructor 
method of the dependent service class in step 804, the code 
generated in the step 806 creates an instance of the dependent 
service class. 
0097. The steps of process 800 are described only as 
exemplary for the clarity of the illustrative embodiment. The 
location of performing a particular step. Such as inside the 

Nov. 6, 2008 

initialization method, is not intended to be limiting on the 
illustrative embodiment. The steps may be incorporated in 
other functions, methods, Subroutines, and code sections as 
appropriate for specific implementations. Furthermore, the 
steps may be combined, broken down, or implemented in 
alternative ways for the purpose, without departing from the 
scope or spirit of the illustrative embodiment. 
0098. The illustrative embodiments recognize that code 
generation of Java applications can be based on at least two 
formats. The first code generation format can be based on the 
Java programming language. Code in Java programming lan 
guage results in one or more programs in Java Language. 
Such programs are typically referred to as “..java programs. 
The “..java programs can then be compiled into “...class' files. 
The “...class' files resulting from the compilation embed Java 
code called Java bytecode. Alternatively, code generation of 
Java applications can directly create Java bytecode stored in 
the “...class' files, eliminating the need for the compilation of 
“.java programs. 
(0099. With reference now to FIG. 9, this figure depicts a 
code segment of a new class generated in accordance with an 
illustrative embodiment. Code segment 900 may result from 
executing the process in FIG. 7 for software module “mod 
ule A” whose configuration files are shown in FIGS. 4 and 5. 
0100. The exemplary code segment 900 is Java language 
code. Code segment 900 is not Java bytecode for the purposes 
of this illustrative embodiment. Code 902 is an example of 
code generated by step 702 in FIG. 7. In code 904, the pack 
age name in this example is shown to be "xyz.moduleA. 
Verl 0 0”, using a convention of concatenating group 
name, module name, and version, and using the period as the 
delimiter. The class name in this example is “Application'. 
The interface name in this example is “Runnable'. The 
default properties include one exemplary Boolean property 
called “initialized'. The initialization method in this example 
is called “run()'. In a specific implementation of the illustra 
tive embodiment, the "Runnable' interface can be a Java 
interface defining a public method called “run( ), which 
returns Void and has no parameters. 
0101 Code 906 may be generated by step 704 in FIG. 7. 
The code in these code lines ensures that a software module is 
not initialized more than once. 
0102 Code 908 may be generated by step 706 in FIG. 7. 
The information required for this code is retrieved from the 
information about a Software module for generating the con 
ventional package name, and the module dependency infor 
mation for determining the dependency software modules. 
The general Software module information and module depen 
dency information are configured in the configuration file, 
such as code segment in configuration file 400 in FIG. 4. The 
configuration file is parsed and modeled as in-memory 
objects by the process of FIG. 6. 
(0103 Code 910 may be generated by step 802 in FIG. 8. 
The information required to generate this code is defined in 
the service dependency configuration, Such as code segment 
in configuration file 500 in FIG. 5. The configuration file for 
the service is parsed and modeled as in-memory objects by 
the process of FIG. 6. As an example, the ServiceRegstry 
class can be implemented based on Java HashMap for the 
storage of Service objects and the retrieval of them using 
service identifier as the key. 
0104 Code 912 may be generated by step 804 in FIG. 8. 
The information required to generate this code is defined in 
the service dependency and constructor injection configura 



US 2008/0276231 A1 

tion, such as code segment in configuration file 500 in FIG. 5. 
The configuration file for the service is parsed and modeled as 
in-memory objects by the process of FIG. 6. 
0105 Code 914 may be generated by step 806 in FIG. 8. 
This code ensures that the generated service object is retriev 
able by other services that may depend on that generated 
service object. 
0106 Code 916 may be generated by step 710 in FIG. 7. 
The information required to generate this code is defined in 
the service dependency and setter injection configuration, 
such as code segment in configuration file 500 in FIG. 5. The 
configuration file for the service is parsed and modeled as 
in-memory objects by the process of FIG. 6. 
0107 Code 918 may be generated by step 712 in FIG. 7. 
The information required to generate this code is defined in 
the service start-method configuration, Such as code segment 
500 in FIG. 5. The configuration file for the service is parsed 
and modeled as in-memory objects by in the process of FIG. 
6 
0108 Code 920 may be generated by step 714 in FIG. 7. 
The code generated in the form described above is generated 
automatically by code generation Software applications 
implementing the processes of the above-described illustra 
tive embodiments. The code generated by the illustrative 
embodiments that are described above is only exemplary and 
not intended to be limiting on the illustrative embodiments. 
The exemplary code in code segment 900 shows that all 
services are created Such that their single instance can be 
reused by other services in the system. This approach uses a 
global registry for the storage and retrieval of the service 
instances. 
0109. In some software applications, more than one 
instance of the services may be desirable. The illustrative 
embodiments can be implemented Such that every time a 
dependency service object is needed for dependency injec 
tion by a dependent service, a new instance of the dependency 
service object is created without reusing existing object of the 
same dependency service. This alternative implementation 
can be configured in the definition of services, for example, 
by adding an attribute, such as single="false', to general 
service information definition in code segment in configura 
tion file 500 in FIG. 5. An implementation of the illustrative 
embodiment can accommodate this alternative approach by 
generating code that does not attempt to retrieve a single 
dependency service object from the service registry. Instead, 
the implementation may call the service factory class associ 
ated with the single dependency service to directly create an 
instance of the single dependency service. The service factory 
class can be configured in the definition of the service, for 
example, by adding an attribute such as factory-class="xyz. 
serviceAFactory'. 
0110. The illustrative embodiments allow short-running 
Java applications to enjoy the separation-of-concerns benefits 
of the Inversion-of-Control (IoC) framework without the 
runtime start-up inefficiency. The memory requirement of the 
Inversion-of-Control (IoC) runtime container can also be 
reduced or eliminated by using the illustrative embodiments. 
0111. Furthermore, using the illustrative embodiments, 
Inversion-of-Control (IoC)-based Java applications no longer 
need to rely on the hardcoding-services method, or the frame 
work-locating-services method. The illustrative embodi 
ments provide methods and apparatus for harnessing the 
Inversion-of-Control (IoC) separation-of-concern advantage 
through service dependency configuration. 
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0.112. The illustrative embodiments can take the form of 
an entirely hardware embodiment, an entirely software 
embodiment or an embodiment containing both hardware and 
software elements. In a preferred embodiment, the invention 
is implemented in software, which includes but is not limited 
to firmware, resident Software, microcode, etc. 
0113. Furthermore, the invention can take the form of a 
computer program product accessible from a computer-us 
able or computer-readable medium providing program code 
for use by or in connection with a computer or any instruction 
execution system. For the purposes of this description, a 
computer-usable or computer readable medium can be any 
tangible apparatus that can contain, Store, communicate, 
propagate, or transport the program for use by or in connec 
tion with the instruction execution system, apparatus, or 
device. 
0114. The medium can be an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or Solid 
state memory, magnetic tape, a removable computer diskette, 
a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk. Current 
examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disk-read/write (CD-R/W) 
and DVD. 
0.115. A data processing system suitable for storing and/or 
executing program code will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories, which provide temporary stor 
age of at least some program code in order to reduce the 
number of times code must be retrieved from bulk storage 
during execution. 
0116. Input/output or I/O devices (including but not lim 
ited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. 
0117 Network adapters may also be coupled to the system 
to enable the data processing system to become coupled to 
other data processing systems or remote printers or storage 
devices through intervening private or public networks. 
Modems, cable modems, and Ethernet cards are just a few of 
the currently available types of network adapters. 
0118. The description of the illustrative embodiments has 
been presented for purposes of illustration and description, 
and is not intended to be exhaustive or limited to the invention 
in the form disclosed. Many modifications and variations will 
be apparent to those of ordinary skill in the art. The embodi 
ment was chosen and described in order to best explain the 
principles of the invention, the practical application, and to 
enable others of ordinary skill in the art to understand the 
invention for various embodiments with various modifica 
tions as are Suited to the particular use contemplated. 

What is claimed is: 
1. A computer implemented method for injecting depen 

dency, the computer implemented method comprising: 
identifying information about a first software module in a 

plurality of software modules, wherein the first software 
module has a dependency on at least one other Software 
module in the plurality of software modules; 

identifying information about the dependency; and 
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using the information about the first software module and 
the information about the dependency, generating a code 
for the first software module to resolve the dependency. 

2. The computer implemented method of claim 1, wherein 
the code for the first software module is generated before 
runtime. 

3. The computer implemented method of claim 1, further 
comprising: 

executing the code for the first software module at runtime. 
4. The computer implemented method of claim 1, wherein 

the code comprises: 
logic to start components in the first Software module. 
5. The computer implemented method of claim 1, wherein 

the code is a Java code, and wherein the Java code is one of 
code in Java language and Java bytecode. 

6. The computer implemented method of claim 1, wherein 
the code is automatically generated. 

7. A computer implemented method for injecting depen 
dency, the computer implemented method comprising: 

identifying information about a first service in a plurality of 
services, wherein the plurality of services are a part of a 
first software module in a plurality of software modules, 
wherein the first software module has a first dependency 
on at least one other software module in a plurality of 
software modules, and wherein the first service has a 
second dependency on at least one other service; 

identifying information about the first dependency and the 
second dependency; 

using the information about the first service, the informa 
tion about the first dependency, and the information 
about the second dependency, generating a code for the 
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first software module to resolve one or more of the first 
dependency and the second dependency before runtime; 
and 

executing the code to create at least one instance of the first 
service in the first software module. 

8. The computer implemented method of claim 7, further 
comprising: 

identifying a set of service objects on which the first service 
depends. 

9. The computer implemented method of claim 8, wherein 
the executing the code creates at least one instance of the first 
service in the first Software module using constructor injec 
tion. 

10. The computer implemented method of claim 8. 
wherein the executing the code comprises: 

invoking a setter method of the first service. 
11. The computer implemented method of claim 8. 

wherein each service object in the set of service objects is one 
of a single reusable instance of the service object and a new 
instance of the service object. 

12. The computer implemented method of claim 7. 
wherein the executing the code comprises: 

invoking a start method of the at least one instance of the 
first service. 

13. The computer implemented method of claim 7. 
wherein the code is a Java code, and wherein the Java code is 
one of code in Java language and Java bytecode. 

14. The computer implemented method of claim 7. 
wherein the code is automatically generated. 

15. The computer implemented method of claim 7. 
wherein the executing the code occurs at runtime. 
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